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Juvenile nephronophthisis associated with retinitis pigmentosa was first described by Senior, Friedmann, and Braudo in 1961 , and a number of cases have been reported since (Meier and Hess, 1965; Betts and Forrest-Hay, 1973; Senior, 1973) . Besides the renal and ocular abnormalities, mental retardation, chromosomal defects, and skeletal abnormalities have been observed in some patients (Fontaine et al., 1970; Sarles et al., 1968; Antoine et al., 1963) , but the association of interstitial nephritis, retinitis pigmentosa, cerebellar ataxia, and endochondral dysostosis was first recorded by Mainzer et al. (1970) . This paper describes another patient with the latter findings.
Case report A male, born on 6 July 1961, was admitted in March 1971 with a 2-year history of renal disease.
Family history. After a complete examination (laboratory, ophthalmological, electroretinographic, audiometric, and x-ray findings) his mother, father, and only sister were found to be in good health except for abnormalities of pelvic endochondral ossification revealed by the father's x-ray examination. Ophthalmological examination showed markedly reduced visual acuity, convergent strabismus, and coarse horizontal nystagmus. The fundi showed pallor of both optic discs, narrowed blood vessels, fine 'pigment dusting' in the peripheral region, and white spots in the retina. Electroretinogram showed complete extinction of a and b waves. Audiometric tests suggested a peripheral and central vestibular localization of the lesions.
X-ray findings.* Osseous changes of uraemic osteodystrophy were absent, but the skeletal survey showed findings consistent with abnormal endochondral ossification. Prominent cone-shaped epiphyses with recess in the metaphyseal region were evident in the phalanges of the fingers and toes. The femoral capital epiphyses were small, with abnormalities in bone modelling. The femoral neck was short and stubby.* Other skeletal changes included widening of the ribs, characteristic quadrangular vertebral bodies, and short spinous process.
Renal biopsy showed diffuse changes of all structures, but predominantly in renal tubules and interstitium. None of the renal tubules was normal, some being only dilated and containing hypertrophic tubular cells and others with atrophic cells. Some dilated tubules looked like a pseudocyst, none of the typical cystic formations having been observed. Most of the tubules were collapsed or obstructed by hyaline casts and the cells could not be differentiated. There was dense interstitial fibrosis with round cell infiltration. Most glomeruli showed complete hyalinization while in others some loops were preserved. Bowman's capsule was much thickened. Arterioles all showed fibrous arteritis.
Laboratory findings. Blood urea ranged from 120-330 mg/100 ml (19-9-54-8 mmol/l), serum creatinine from 4 5-9 mg/100 ml (397-8-795 /imol/l), endogenous creatinine clearance from 10-3 ml/min per 1 73 m2. Serum protein electrophoresis and cholesterol were normal. Proteinuria ranged from 910-1670 mg/24 h and urine pH from 5 5-7 1. The highest urine specific gravity was 1010. Urinary sediment contained very few formed elements. Repeated urine cultures were clear. Karyotype was normal.
In spite of conservative therapy and peritoneal dialysis his clinical condition further deteriorated and he was taken home where he died within a few days. Necropsy examination was not done, but renal biopsy had been performed a few weeks after admission.
Discussion
Association of nephronophthisis and retinal pigmentary dystrophy is now a well recognized hereditary disorder. In our patient's family history there is no evidence of herediatry renal or ocular disease but the father was found to have minor skeletal changes indicating a disturbance of endochondral ossification, this being one of the symptoms in our patient. Skeletal abnormalities in patients with nephronophthisis were noted as early as 1963 by Antoine et al., among whose patients was one with bony sclerosis due to chronic uraemia. Most patients with nephronophthisis are described as being of short stature, and this might suggest that abnormalities of endochondral ossification have existed in some but passed unnoticed.
Our patient also had cerebellar ataxia. Symptoms of cerebellar dysfunction were noted by Fontaine et al. (1970) in a patient who also showed serious mental retardation and symptoms of pyramidal disease. Our patient is almost identical with the 2 patients described by MaiDzer et al. (1970 Abnormal renal functions in cyanotic congenital heart disease Hypoxaemia, secondary polycythemia, and abnormal venous arterial shunts are responsible for several well recognized complications in patients with cyanotic congenital heart disease. These include arterial and venous thromboses, cerebral abscess, bleeding tendency, and growth failure. Giant glomeruli are another well known but as yet unexplained pathological finding in some patients with cyanotic congenital heart disease (Spear, 1960) . Since these changes may affect the normal function of the kidney, we have studied several renal functions in children with cyanotic congenital heart disease. This is particularly relevant seeing that major cardiac surgery is now frequently per-5 formed on young infants who normally have immature renal function and limited homoeostatic reserve (Edelmann and Spitzer, 1969) . Also instances of acute renal failure postoperatively are not uncommon (Ogg and Cameron, 1969; Chesney etal., 1975) .
Materials and methods
All patients were seen regularly in the cardiac clinic by one of us (A.S.). Diagnosis of the cardiac lesions was confirmed by cardiac catheterization and angiocardiography. None of the patients studied were in congestive heart failure.
Four groups of patients were studied. Group I consisted of 21 patients with Fallot's tetralogy, and one with transposition of the great vessels and atrial septal defect. 3 patients had had a previous palliative shunt operation. The average age was 5-8 years. Group II consisted of 7 patients, who were studied at least 3 months after complete surgical correction of Fallot's tetralogy. 3 of them had been examined before operation. The average age was 7*2 years.
Group III consisted of 5 children with noncyanotic congenital heart disease. The diagnoses in this group were isolated pulmonic stenosis in 2 patients, aortic stenosis in 2, and ventricular septal defect in 1. The average age was 8-0 years. Group IV. The normal controls were 48 children referred to the renal clinic in whom no evidence of disease was found. The average age of this group was 8 * 8 years.
Renal studies. All the patients studied were on a regular diet. A routine urinalysis was performed on an early morning specimen, which was also examined for the presence of glucose by Clinitest strips and for aminoaciduria by paper chromatography. A 24-hour urine cofhection was obtained from each patient. The next day timed urine specimens were collected during a forced diuresis producing more than 2 ml of urine per minute. Blood chemistries were determined from a sample of venous blood obtained at the end of the shortterm urine collections and the creatinine clearance was calculated from these specimens. Blood and urine creatinine concentrations were determined by the alkaline picrate method (Bonsnes and Taussky, 1945) . Phosphate, sodium, and uric acid levels in the serum and urine were determined by standard laboratory procedure.
The 24-hour urine specimen was used for determining the daily sodium excretion as well as for the calculation of the fractional excretion of uric acid and phosphate. Haemoglobin and haematocrit levels were determined in a Coulter counter.
Results
None of the patients had albuminuria, glucosuria, or aminoaciduria. The urine sediments were normal. The results of the renal functions examined are summarized in the Table. The group with cyanotic congenital heart disease differed signifi- 
